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@ THE QUESTIQN OF TER REDUCTIN OF 2, 3, S-TRICHRNYI-
TETRAZOLIMHCHLORIDE BY HICROORGANISHS
BELONOING TO DIFFSRENT FAMILIES

[Following is a translatior of an exticle vy A. Hirsch,

C. Cattanco gnd M, Morellini, of the . Forlanini Tasti-

tute of the IXN.P.S. Tuberculosis Clinic of the Univer-

sity of Reme (Director: Prof. A. Cmodei Zoriri), in the

Cerzan-language perindical édtschriﬁ fur % ens In-
tionslk naiten (Jo for Hyglene of Infactious
sases), Vi » 1958, pagos 355-366.]

Ths behavior of a living areaturs towerd its environment is char-
dctericed by its netavolic capabilities and requiremects in acocordance
wih the modern, predominantly functionzl approsch of dbiochexical ¥notw .
lod3o in microbiclogy. These metabolic-dissimilatory processes furn the
Dasls of the concerted or ocpposing action of cells and cell systexs and
they are, therefors, als the oause of pathologicsal processss vhen thay
neet 2 suitadle xicro and microorganisma. Froa the physical-chexical
point of view in thia connaation 4t is alweys a question of an wxchange
of mergy, in which the release of wmargy or aleotrans betuewm oell and
aviranat is controlled by its redox potential (cf. 3aldwin, Nedlands-
Stupf). After pertinent studies in our specialty of Myoobaoteria kad
wmnistakably panitied 3 differentiation of the various species and :
strains on the basis af their different redox potantisl snd had led t0 &
netabolio-fnotionsl clsssilioation in stredns with parasitic or sapro-
phytic heterotrophy (NirscheCattaneo (i)), we attepted, in appropriata
additional puranit of this prodlem, to fird eventual mesms of differant.
lation also in the narrow f14l2 of the bioclogical reduction processes.

o ahose these reactions, since they are the Baszis of evary life-process
md they also ooour naturelly depending o the redox potentisl of the
systaa and can be measured in s relatively simple and exact zaner. The
eredit pes to Dubn-Jerchal (1941) #=-Eaxving had recourss to tetresoliwz
salts, vhioch had already bemn known in chemistry for a long time, for .
zeasring prysiologicsl rediction processes, eand for thus opmned
e Yy to this drestion of ressarch., These aiits ox e wusual po-
culiarity of having a colorless, watarless oxidation substmce snd'a
strongly colored, insludle reduotion substance. From ‘2e chemical point
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of vicy it is a question here of the formation of red formemam [unable

0 idmiify in any of the standard works oa microbiology] in which 2, 3,
S-trishenyltetrazoliwmchloride (T2C) and neotetrazoliwmchloride (IiTC) e
used nainly as initial products (ef. Jezbor, liatison-Jensen-Duicaer,
Snith), We chose TTC, bacause with it, as with the other monotetrazoliwm
seits, reduction oceurs swoothly on one luvel, while wiih NTC by-products
are formed that spparently have a strangly toxic effect on certain cells
and 21so may affect 2 qumnidtative measurenent (Burtner-3ahn-longley).

It can also ba sstablished from the basic reaction that these processes
dopend on the redox potmilal of the reducing system, that TIC does not
act as a redox indicator but rather as a sinple hydrogee acceptor, since,
on the one hand, the formation of forzazane is considered as irreversi-
ble for viological conditions, on the other hand, it is orly 2 quesiion
of witing with bydrogen in the reaction, ihich comes from srothar x7s-
ten, at ¢ certadn point in the course of the complax dehydrogenation pro-
cass, consequently of the metadolic migreticn of hydroger, naturally at
the level on which it corresponds +o the redox potentinl of TTIC.

_ From the practical point of view, tnhe reduction of the tetrazolimm
sults is, accordingly, to ve intervreted ps the expression of a single,
although essentlal, partisl feclir of the dissimilatory metabolic capa~
Bilities of a cell or of a growp cf cells gnd is, therefore, direcily
,dinked to the lifo of the cell or to the activatsd, specific ensyves pre-
st in it.. The various, md st 2 superficial glance, contradictory ap-
poaring opinions of writers on the stbject are explained vy the very oon-
plex processss. Fowever, it is principslly a quesiion only of differances
in interpretation, if the too narrowly limited initial points of view do
not make a nmore highly placed opinior possihle, Thus part of the re-
searchars see in the T7C rescticn the vital staining or the epression of
the visbility and germinative sbility of the uells; others, on the other
. hand, take 2 oansiderebly broader view, inaluding various netabolic plo-
casses, wile still others, in view of the toxisc effect of the tetrezol.
iuz saltis or of the formazan that is produced, have recourse to irnkibhi-

tion eperinents. A

Yow, the purpose of the preswmt study wss, in further pursuvit of
the kparinacts thioh have bem performed (Rirsch-Cattaneo (2, 3) with
tho fily of for introducing a TIC test for diffarent.
lating the v spaciaes streins on the basis of thedr fndamental
astadolic differences, to omnduct research oo the extant to wvhioh these
wxperinats can be gmaralized, that is, vhether it 1s a quastion heXe of
a sheonmon that 43 gemernlly valid Zor microorganimss. Tharefors it
W prizarily necesssry to make certain whetler coznections betwem the
TIC reaction and virulmoe md the pathogmetic oapedility of a straln,
closaly linked to those comections, oowld be detected in othex frailiss.

Haterial and ONC Owa tudles E
I oxder %o have the greatest possihle survey of the entire fiald
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ol Wio predominently pathogenic mivrcorzanisms, we ettonded our erpari-
ng:'.ts on the TIC reductior ability 40 & total of 95 diffarent, clas=ified
sevelas,  They beleng to 11 families of the class Schizomycetes {order:
Pzowdononzdales, Eubacteriales, dcticomveetsles) and for purposes of com-
Daxieon 19 one fgnily of the class Deutcromvceies (order: Thallosnorale
hgy coue Irom the collection of the Istituio Superiors di Sanita (Gred-
uate School of fealth), the Istitulo di Microblologla dell!Universite di
Zora (Microbiology Institute of the University of Rome) and the Instituto
Cexrlo Forienind E(_‘/fsau-fl.m Forlanini -Institute). Growth took place on solid
or liquid culture media, according to tha concitions of the individwal
sirains, at 2 taaperature of 37°C. Tas entirze list of the sirains stud-
iﬁ is in Nt?-e tgl;:‘,hin n&:igh 't.hn' cllaaaif}caff.igntot ;:-he bacteria is 1
nade gccordin . s lanua) of Determinative Baotsrio:
o (Baltinorgz Willdans & tgksgs. 1557).

In crder to maintalr a basic insigat into ihe reaction readiness
and the sxperizental conditicns o be used, we perforzed aporopriate pre-
Lininary exvsrimsnts tith a series of different strains:

. & TTIC was added to the culture media ir a coaceuiration of § ng.,
10 mg., 25 mg. and 50 mg. per 100, then iroculation was undertaken md
grovth was controlled; .

b. sevaral drops of & 0.025F% TIC solution in a buffer solution
at pi 7.0 were put intc the cultures already growing on a a0lid cultre
nodiun and the reaction result was observed at room temperature after 30,
60 snd 150 minutes;

¢. a culture sample, about 5 ng., teken withk g wire loop Lnam e
Jiure oo a 30lld nutrient medime, or from s liquid culture medivm after
canivifuging, was mixed with the TIC solution on a hollow alide and the
reactlon omtinued as in b.

As the result of these preliminary experizats, we vers able %
astahlish that the addition of T1C directly to the cuiture nedivn Qauses
a very differmt inhibition of growih from strain to stmain, especially
ulth concmtretions of over 10 mg. per 100. Ctherviss the resction was
=ostly positive vith strains that were growing well. (n the other hand,
tho addition of 77C mlution t already grouing cultuves, wtather they
vere taking place on s0lid putrient medium or an a hollow alide, yleldad
aloar results due to the formation of formasan that was ooocurring intre.
cellulerly md that occurred to a different degres according to the strxda.

, Dperizmts pertaining to the of this TTC solutisn|
addad to the culture on ths culture or "in vitro® showed that an\
inoreass o concentration up to 0.09% of TIC produced a cartain intesdd
fication of the remotdan result, without our detsecting disturdbing inoi.
dantal phenonena,




After ve were aole elreedy to detect 2 strong devendency of the
. T2C reaction on the 3 E in riycobactena. ve also worked with the present
“strains in a troad p‘:! ringe. Eere glso 1t was basic that the reaction

- becane positive 61 that an increase in the color intensity was fowrd iIn
Ca stmng al].a.d.no medium,

o Our observations with ect to the durgtion resction and
therefore to tae corvmondin:?ud-off time showved t%ft% the strd;g
with a positive TTC reaction a red coloration appears, sstting-in mostly
after 10-15 mirutes and increasing at room tszpenwre uwp to rinutas,
that them, however, in the subssquent tine bLetween 1-24 hours a slight
dsepening of the coloration was barely detactatle without 2 change in the
reaction rosult, Fuwdamental changes no longer appeared, moreover, after
one novr in strgins with a weak positive or a negative TTC reaction.

*  Therefors, the following exooriment tachnique wes created for per-
forming the definitive experiments: T1C Reagent: 0.05 g. of 2, 3, 5

triphenyltetrascliuwmchloride were dissolved in 100 ml. cf }/30 buZfer so-
lution (3B 2.8, 5.0, 7.0, 9.1, 12.5). The reagent is statle torcbau

. one week vhen 1t is presarved in & oool, dark place. —

Three to four drops of TTC resgent wars added directly to the mﬂnz
culture an a s0lid culture mediuns or were well mixed on a hollow 8li

with ghout 5 ng. of bactaria substmce. Readings vers taker of the ro-
aotlm at roon temperature after 60 minutes, and are indicated as follows:
~ = np coloration of the cell mass; + = pink tirting; + = red coloring;
+ = purple to violet coloring. ‘

The findings obtained in this way fron the 95 different streins
used are emtered separataly in the tables [appended et the wd], by mems
of vhich a clear difference csn be discovered in the result of the TTC
resction betvesn the individual gmers, ubile within them, wth tae ex-
cdption of the gmera Pseudomcnas, Xlebalella, Mycobaoteriuz srd Candicla,
no sarked difference can be detectsd in the bdehavior of the straina, The
rosult of the TIC resction shows ¥p, depwiding on the pE vilue, There-
fore, TIC iz cot reduced by any strain at pH 2.8 ;d is reduced by o)
of than at p¥ 12.5. The correct range of study lies, tnnﬁtbro. betirem

pE 5 and pH 9, acvoxding to our experience. .

Riasiasien oL Sha Bemiss sad Qmcluwons

From the technical point of view, ﬁm 18 slwvxys the fundancityl
question of the additior of a in performing these or simllar .
mLyae operiamts. The majo luﬁwnwhmbimn-l

m:tmudusdmwmﬂmcmtnndnm however, '
tu.lunuo!Mu.nomruobhmaemdnmvotmm
olic ocapacity :ith reference %o T1C, without increasing the danger of
giving roeferece %o particular streirs. Our stedies prove, o the me
hand, that 17C reduction is alsc posxible without the addition of & sub- ;
strate, vhich could be demcnetrated particularly in Myocobects-ie (Hiradh-.
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tterce (2)), and that no diffemence oo be ascertained in the reaciem
desuli in the presmce of the culturs nediur in oorparison with the ex-
perinenis "in vitro". The question, Tsubstrate or no substrate!, camwot
hotrover va disposed of definitively, taercfore, becausa it is entirely
concolvable that praclisely in the gamcora that let no possibility of dif-
ferentiotion be established on the axisting conditions the addition of
3 cpeclific subgirate, that csuses tho aotivation of specific ensyses,
pervdts the discovery of strain Gifferencos. Thnerefors, it is clear that
ihis nay only ba expocted by using truly specific substrates, since the
notebolic deconposition of the normal subsiunces, which can bs used oy
05t of e strpirs, nay merely lead to 2 further assizilstion cof the re-

Jdts. Closely coanaected with this guestlon is the question of the de-
vgndeney of the TTC resction ou the pd, which useally only affords the
poseibllity of a differemtistion. It is «cplained, on the ons hand, as
the consequance of the close comnection of HZ to a1l enzymatic vrocess-
os, thether in relation to the activation of votentially presmnt eazyras,
or for the farnemtaiion process itself, on the other hand, perhaps also
on the basis of differences in permsability.

If thue results of our studies are corvared with the data of othar
writers, it is geen that thare are &perinents on the ITC reduotion abll-
ity of nly individual sirains fron the families of tho Pseudomonsdacaae
(Antopol-Glaubach-Goldnan, Diansani), of the Eaterobactariscess (Antapol-
(avback-Goldner, Disnsand, Gergmi-Marracini, Ghoorghin-Alexa Petroven,
Buddleson-Baltser, X¥opper, Lederbarg, nm&tmmm-hm.
Nordaann—Jude-Hordnanm-Servant-Javchery, Stolp. Wmdt), of the

~Jaltscr, Thiago de Hallo-Silva), of the Hloroscoccaceae
sanl, Oargani-darrecini, Gheorghiu-Alexa Pstroveru, Yuddleson-3altser,
Savag-TForbes, Wundt), of the lLactodacillaceae (Antopol-Glaubach-Goldman,
Sarnas, Buddleson-Baltser, Wundt), of the Corymebacterisciae (Thibaut-
Welsch, Wkmdt), of the Bacillaocsae .(Antopol-Claubach-Onldsan, Cergani-
Barracini, Gheorghiu-Alexa Petrovanu, Euddleson-Baltser, Soru-Starnberg),
of the Nycobactsrisceas (Arima-Yamamoto-Kakimoto-Tekahasri (1, 2), Cast-
ambide Odler-Smith, Eirech-Cattazeo (2, 3), Xanal, Xinal-Tumagisma,
Kochweser-3arcley-Dbart (1, 2), Sochweser-ibert, HacVandiviere-Gentry-
¥illds, Sepal-Rloch, Winterscheid-Gliok-Mudd), of the Spirillacese (("V

ednd, Soru-Starnberg), of the Torulopsidacsse (Ragal,
Levin-Trejo) and of the Saccharoxycetaceas (lagel). Thare are Do data an
Yeissariscens, Actinouycstacsas and Streptoxycetacess, whose represmta~ .
tives are also included in our material. It would be far bayond the
limits of this articls for us %o vant to go into detall ou all them
stadiss. Jathe it semms propexr to aske 3 m:mtotthowa
vidual results but rather of the attampts at iaterpretation or of the
conolusions. : \

Depending on the starting point of their sxperiments, nany writers
see the TTC reaction only wdsr the point of vier of a sinple vital cal-
oretion or in comparison with cownting the growing colonies, increase of,
the nephalometer Values, oto., &8 sa expressicn of visdility and .
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U permeability. Authors who are rore biochenically oriented anphasize the
- .- pos3ibility of drawing on the enzymatically controlled production of
© .. formazan for studylng metabolic processes that charactaerize ine behavior
- of the various microorganisms. Various others, prizmerily pure bacteri-
| ologists, studied the toxic action of TTC end KTC on becterisl cultures
.- and they discuss the more or less strong inhibitory effects that show wp.
© -Jn addition to thess publications that barely go beyond the framevork of
' genaral observations, other writers took a declsive step ahead by re-

- séridng to the differences found in the enyyme family or in growth dis-

* turbsnces for the purpose of differentistion. Thus, on the basis of
thelz: different netabolic capabilities on culture media with the gd®i-
tion of TIC and enricred with a great zounit of carbohydrate, individusl

- stredns of Streptocccel (Sarnes), Salronells ond Escherichia (Huddleson~
' 3altser, Lederberg), Brucella (Euddleson-Baltzer, Taliago de Mello-Silva),
Svgalls (Lederberg) and Candida (Pagano-Levin-Trejo) ware successfully
differsntisted. It was also possitle ® accomplisk a species and strain
Mfferentiation in vitro or on culture media with tae 2ddition of TIC,
‘bagsed on the different degres of formasan production (Eirsch-Cattaneo
(2, 3)). It vas almo determined in these experiments that the differ-
-saces foond in the TTC reduction adility, eithar depending on the pH
value of on the mibstrate used, make it possible to pass judgnent on tha
, question, parssits or saprophyts, or pathogenio or not, as’oowld olearly
© be demonstrated in Rycobaotaria (Eanks, Hirsch-Cattaneo (2, 3)), in Be-
©  charichia, Salmnpella and Shigella (Lederberg), as well as ir various

1+ Candidae <Larin-Trejo). The studfes that were slso conducted for
difterentiation purposes on the growth inhibiting effect of tatrasolius
salts, among which NTC stands out partioularly due to its taxic azction,

phrxdtted a separation of a typiocal mnd avian atrains from other Kycoe

- baocteria streins (Ceastamdide Odder-Smith), the differentiation of Coryne-

bactaria of the typé from the e {Thibaut-Yelach) and the
«rel daterming that sitive bacteria are nore smsitive to
%an prem-oegative bacteria EW&).

In ordar to touck only briefly ca the of TIC

Tednction (of. Rirech-Cattanes (2)), 4t 4z a m m agtion

" of datrydrogwmase xystems, vhich are tied in with the xost primitive life
peocesass of cells (respiration, eto), in which there is, without doubt,.
a ocertain dependmoey o commyne I snd IX (Mattsco-Jesen-Durcher, 8mitk)
as wall as oo the fls tein portion of qytochrons C (fwm). Amino
acid dehydrogmase (hm), phosphoglyceraldshyds dehydrogmase (Srodie--
Gods), suwocinate dahxydrogwase pTidine nuclestiés daXydrogeaass ..
(Oiatteun-Jensm-Dutober). Mr;..u ',f& .n-::.:: all ::I‘J{o .
bave the corresponding mzymes, at st poten age,
their activation, bowever, takes place under very diffarent m&ﬁms..\

It ™e results of our experiments are ccasidered to be dafinitive,
4t may be sstablished, basiaslly, that dafinite differwnces in the .
T7C reduction capability of the various stralns, deterwined to be dpm~
dmst oo the pil valte, wers found in thase @xperinmts, that were perdurmed -
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wder praciszly the same conditions without using a substrate., ivery
straf: w3 2ble to produce formazzn i a rors strongly alkaline enviror-
aeat; however in neutral or acid environments ocnly certain gencra .or
individoal strains accomplistad this. The last fact, precisaly, ap-
rears to us, therefore, to e most deserving of mention, since it ingi-
cates the existence of 2 masns of differentistion, I¢ ozn, thersfors,
De asswied that in TTC reduction it indeed is o question of a reaction
dasdcaliy possitle i 1l strains bul strongly depemdent on the experi-
neat coucditions, vhich affords a cozeclusion on the metebolic processes
of the lndividual strairs or genera. Irop the poirt of view of the
classification of alcroorganimas dased en Cran’s sizinirg, on the one
the grim-positive strains generslly also shov a pesitive TTC reacticn

at lov pE values, while with grec-regative strains this was only found
in certalin saprophytes;: on the other hand, the tendency was also clsar-
1y established 1 the former that s:wrophytic strains reduce TIC rore
strangly, rhioh show up most clearly in Hycobacteria and Candidae. Under
e {Aven conditisns, that were to provide us with the dasis for compar-
isn ia 3 prelimingry study, a clear ciffersmtiation in varasitic amd
ssprophyiic streins shows up vith ceriainty ozly in thess tyo gwmere;

1t 3o likely, however, that further eparinamts performed wits dif-

fermt, specific substrates will elso perxit z correspanding differwn-
tiation in strains of the other farilies. This differentistion is based
on the different metabolic processes in indirect dapendmcy oo the redox
potential of the aystems and it gives an insight ino the bebavis» of
Rigroorgamnims with regard to thelr environmmt, wat ia, practically, .
inta the quastioe of paresitsa or saprophyte and the conaideration o
Pathogemetic capadilities closaly ominectad with At. :

Sy

T Aftar a prelininary discufsion of the problen of the behavier of
& Xoloorgaise with respect o its ecvirornert with refecece to its
ummwﬁcwnm processeq, the—evtiors-taite-uwp the biologioal re-
duction procdiael it  thalr uealurenent by tremsf. ggwuu salts
into formesan. e resctim o Yy bsing 2,
3 5 ride (TTC) en 95 differmt strairs that be-
lang o a8 of rgenimns. The TIC tast, parformed without
the gddition of a sdstrate, yieldad clesr differences in tha reduction
2414ty of thy varicus strelng, which were found to depecd on the P wal-

0y
x

w. I ob$ datermined that T0C reducticn) sppesring to be comnsoted
witt the dahydrogmation . re, with tte fmdanmtal
1ife processes of the ¢ . indsed, a reaction that %s possible in

a1l strains Wt one that i3 very depandmt an e condl e
owmmmm. sure tation '
into parusitic md strains coours with Mycvobacteriz snd
Cendidas, o NDNOVEIP

Staphiag Irom these research results, it seesas likely,
that a differentiatifo of @e strains of tze ofher femilies wil)l alwo be
possihle Uy means of appropriate experismnts using specific ssbstrates. / ¥

N
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. It dspmds on the different netabolic procssses and gives an insizht in-

. to e behavior of the microorgamnis: wwith respect to its environzent end

*  into ‘the problem of parasite or saprophyte and, therefore, into the path-
. ogenstic potentialiilaes. -
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